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[57] ABSTRACT 

A processor device which comprises a processor unit 
integrated in a single chip and integrally assembled with 
a programming system, thereby providing a direct 
memory access-controlling function for carrying out a 
direct memory access between a main memory and an 
input-output device, and a cycle steal-controlling func- 
tion for selecting a program mode or direct memory 
access mode. 

8 Claims, 3 Drawing Figures 
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carried out alternately (cycle steal), time loss arises 

PROCESSOR DEVICE before and after the changeover of the memory bus 

operation is confirmed. Consequently, the efficiency of 

PARENT APPLICATION processing a program becomes lower than in the first 

This application is a continuation-in-part of U.S. ap- 5 cot^o 1 system. ^ 

plication Ser. No. 732,760, entitled "A Processor De- With the second control system, either the CPU or 

vice", filed Oct. 15, 1976, now abandoned DMAC which are integrated m separate chips 

makes a request to use the common memory bus, after 

BACKGROUND OF THE INVENTION exclusive use of said memory bus by the other ele- 

This invention relates to the arrangement of a micro- 10 ment is brought to an end, and is prevented from said 

processor provided with a direct memory access system exclusive use until the aforesaid request is permitted 

for use with a microcomputer. (that is, during "a request period"). Therefore, data 

recently with a data-processing system, a micro- transfer through the CPU or by the DMAC does not 

processor integrated in a single chip (hereinafter re- take place during the request period. This request per- 

ferred to as "a processor" or "CPU") has been widely 13 iod, which itself is a time loss, is further added to a time 

accepted due to development of a semiconductor- loss resulting from the changeover of the operation of 

manufacturing technique. As a result, a great variety of the common memory bus, thereby leading to a signifi- 

quickly operative input-output (hereinafter abbreviated cant decrease in the length of time actually allowed for 

as "I/O devices") have been developed for use with the data transfer either through the CPU or by the DMAC 

data-processing system. Where the I/O device is oper- 20 consequently, a decline in the program-processing 

ated at a higher speed than the processor, data transfer efficiency. 

between the I/O device and main memory through the a. further disadvantage of the second control system 
processor is carried out inefficiently. To eliminate this tnat j t ^ necessary to form an external device such as 
drawback, therefore, a direct memory access (hereinaf- a memory bus controller in still another chip in order to 
ter abbreviated as "DMA") system is adopted. This ^ effect the smooth changeover ofthe memory bus opera- 
DMA system enables data to be transferred directly tion between the CPU and DMAC. Provision of the 
between the main memory and I/O device, offering the cpu DMAC ^ memory bus controller exceedingly 
advantages of decreasing a load on the processor, accel- complicates the hardware arrangement, 
erating transfer of data and carrying out efficient pro- 
cessing of data. The DMA transfer is efTected by means 30 SUMMARY OF THE INVENTION 
of a direci : m^ryaa*st controller (hereinafter abbre- , t b aoo0fdingI y m object of thjs invention to provide 
viated as DMAC ') integrated in a separate chip from OCCSSOT dcvicc which b improved in the utilization 
Ujatm which the processor is formed. However, the J memory bus and, consequently, in the 

DMAC exclusively uses the main memory and memory — . - . ' ^ 

bus while carrying out the DMA transfer. During such 35 ^JT^^. a P r0 *™ n -. , . . , m 

time, the processor (CPU) which shares the main mem- Another object of ttas invent™ a to prov.de a pro- 

. , . , . r,... ^ , , , _ cessor device whose hardware arrangement has been 

ory and memory bus with the DMAC has to be tempo- ^ SUi u ", . ,.*T * 6 

rarily prevented from being actuated. considerably simplified. 

Operation of the CPU and DMAC is controlled by According to an aspect of the mvention there is 
either of the following two systems. According to one 40 provided a processor device in which a DMAC circuit 
control system, the DMA transfer precedes date trans- for Meeting DMA transfer between a mam memory 
fer between the processor and main memory. The VO device and a selection circuit for selecting a 
DMA transfer memorizes the entire memory cycle. The program mode or DMA mode are all mtegrated in the 
processor is allowed to use the main memory and com- same chip as that in which the processor unit is formed, 
mon memory bus only when the DMA transfer is 45 BRIEF DESCRIPTION OF THE DRAWINGS 
stopped or the I/O device issues a "busy" signal, show- 
ing that the I/O device is not ready for data transfer and . HG. 1 is a block circuit diagram of a processor de- 
that the DMA transfer is suspended. Another control vice embodying this invention; 

system is a sort of cycle steal process by which current PIG- 2 w a block circuit diagram illustrating a second 

DMA transfer is temporarily interrupted by a memory 50 embodiment of the invention; and 

access through the CPU which is undertaken by utiliz- FIG- 3 shows waveforms, illustrating the operation 

ing a memory cycle corresponding to an interval be- ofthe processor device ofthe invention. 

tween the operatk>ns of the memory bus The first con- DETAILED DESCRIPTION OF THE 

trol system enables data transfer and the CPU to be PREFERRED EMBODIMENT 

controlled relatively easily. For example, if a flag is 55 

provided to indicate that the DMA transfer is being There will now be described by reference to the 

carried on or said data transfer is terminated or tempo- appended drawings the operation of a processor device 

rarily suspended, then it is easy to control the operation embodying this invention. 

of the CPU. With the first control system, once DMA Referring to FIG. 1, referential numeral 10 shows a 
transfer is commenced, data transfer between the CPU 60 processor unit integrated in a single chip, 
and main memory is brought to an end, reducing the The processor unit 10 includes (1) a DMAC circuit 
efficiency of processing a program. exclusively utilizing a common memory bus timewise to 
The second control system gives improved program- permit the execution of a DMA mode for gaining access 
processing efficiency, but has the drawback that timing to a memory device, (2) a CPU circuit exclusively uti- 
loss results, unless a memory cycle is property appor- 65 lizing the common bus timewise to permit the operation 
tioned to realize an efficient memory bus operation of a program mode for gaining access to a program 
relative to the CPU and DMAC. Where a memory stored in a memory 18, and (3) a microprogram control- 
access through the CPU and that by the DMAC are ler 16 connected between the DMAC circuit and the 
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CPU circuit for storing a microprogram to control device 19, independently of CPU control, by utilizing 
operations between the DMAC circuit and the CPU the idle portion of an operation cycle of the program 
circuit. mode. A cycle steal command circuit includes the mi- 

The DMAC circuit section includes (1) a bus control- croprogram controller 16 for storing a microprogram 
ler 11 for effecting a changeover between the DMA 5 and the bus controller 11 for controlling the use of the 
mode and the program mode relative to the exclusive common memory bus. The "User Manual For The 
use of the common memory bus, (2) a counter 13 con- COSMAC Microprocessor'* by RCA Corporation 
nected to the bus controller to effect an address step (May 1975) references the well-known cycle steal at 
upon receipt of a control signal from the microprogram pages 39 to 43. 

controller 16, and (3) an address register 12 connected 10 With the processor device of this invention, judgment 
to the counter 13 and adapted to store address data. of whether a succeeding memory access is based on the 
The CPU circuit section includes (1) a register group DMA mode or program mode is made by a request for 
15 connected to the corresponding output of the bus the exclusive use of the common memory bus which 
controller 11 to store data necessary for calculation and arises within the same chip. 

including, by way of example only, a command register, 15 Further, the common memory bus controller 11 con- 
data register and location register of well-known de- trols the selection of the DMA mode or program mode, 
sign, and (2) an arithmetic logic unit (ALU) 14 con- That is, the bus controller 11 judges the presence of the 
nected to the register group 15 to execute an arithmetic bus request dependent upon the level of one bit of an 
logic operation based on predetermined data. instruction word stored in the microprogram controller 

The processor unit 10 is further designed to function 20 16. The bus controller 11 receives, for example, a bus 
as the CPU through the DMAC circuit, as will be request signal 21 from the portion 161 of the micropro- 
shown hereinafter with reference to FIG. 2. gram controller 16 and supplies to the DMAC circuit a 

The microprogram controller 16 includes a portion permit signal ACK1 for permitting the exclusive use of 
161 for storing a microprogram for controlling the the common memory bus (17^0) by the DMAC circuit, 
DMAC circuit, and a portion 162 for storing a micro- 25 since it executes a DMA mode operation cycle iramedi- 
program for controlling the CPU circuit. The portion ately upon completion of the program mode operation 
161 supplies a bus request signal 21, requesting an exe- cycle. A microinstruction consisting of a microprogram 
cution of the DMA mode, to the bus controller 11, a is sequentially executed. 

signal 22 for setting a start address upon execution of Where the microinstruction is a program mode in- 
the DMA mode to the address register 12, and a signal 30 struction for having access to the external memory 18, 

23 for effecting an address step (+1 or - 1) to the the bus request from the portion 162 is supplied to the 
counter 13. The portion 162 supplies a bus request signal bus controller 11. The bus controller 11 imparts to the 

24 for requesting an execution of a program mode to the CPU circuit (register group) a permit signal ACK2 for 
bus controller 11, a command signal 25 for executing permitting the CPU circuit to exclusively use the ad- 
the program mode and its corresponding data to the 35 dress bus 17. Address data 25 to be read from the por- 
register group 15, and a signal 26 for designating the tion 162 is supplied to the register group 15. The address 
function of an arithmetic logic operation to ALU 14. data exclusively occupies the address bus 17 and is sup- 
In this embodiment the microprogram controller 16 plied through ALU 14 to the main memory 18. Conse- 

includes the two portions 161 and 162 for ease in ex- quently, the data from the address-designated main 
plaining the DMA mode and program mode. The mi- 40 memory 18 is supplied through the data bus 20 to the 
croprogram controller can alternatively be constructed CPU circuit (ALU in FIG. 1). 

using one microprogram for controlling both the DMA Where a next subsequent microinstruction from the 
mode and program mode in sequence, as will be ex- portion 162 is an internal instruction (such as an arith- 
plaincd hereinafter with reference to FIG. 2. metic logic instruction), as opposed to an instruction for 

The DMAC may be considered concurrently to un- 45 gaining access to the external memory, the common bus 
dertake the selection of the DMAC or CPU relative to 17 has an available idle space and consequently the 
the exclusive use of the common memory bus. An ad- DMAC circuit exclusively occupies the common bus 
dress bus 17 is shared by the CPU and DMAC in accor- and can execute the DMA mode. According to this 
dance with the microprogram read out from the micro- invention, this object is attained by the microprogram 
program controller 16. It is to be noted that the com- 50 of the portion 161. A bus request bit in the microinstruc- 
mon memory bus includes the address bus 17 and the tion word of the portion 161 represents, for example, a 
data bus 20. "1" level. The bus controller 11 receives a bus request 

With the embodiment of this invention, a program signal 21 from the portion 161 and supplies to the 
mode based on the CPU and a DMA mode based on the DMAC circuit (counter 13 in FIG. 1) a permit signal 
DMAC are effected within a single chip. The DMAC 55 ACK1 for permitting the use of the address bus 20. The 
circuit formed of the common memory bus controller address of the memory device 18 is set by the signal 22 
11, address register 12 and counter 13 is concurrently from the portion 161 to the address register. Conse- 
used as a CPU circuit in the case of the program mode. quently, the DMAC circuit exclusively occupies the 
Further, a memory cycle is so apportioned within the common address bus 17 and supplies an address data 
same chip as to operate the common memory bus for 60 stored in the address register 12 to the address register 
the DMA mode or program mode in unit timing states 12 to designate the address of the main memory 18. 
in order to avoid time loss, thereby realizing a very Then, the address data is transferred from the memory 
efficient memory cycle apportionment for use of the 18 through the data bus 20 to the I/O device, or vice 
common memory bus, particularly, for an effective versa. At this time, the counter 13 has its contents 
control of a cycle steal. 65 counted up in increments of "+I" and the output of the 

The "cycle steal" is a well-known technique in the counter 13 sequentially stores the address register 12. 
computer field. In a cycle steal, the DMAC effects a Therefore, a memory cycle lying between a corn- 
data transfer between the main memory 18 and the I/O mand fetch and operand fetch in the case of, for exam- 
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pie, a program mode can be interrupted very easily and The operation of the embodiment shown in FIG. 2 

efficiently by a DMA operation for a certain number of otherwise operates in the same manner as described 

steps. A memory cycle apportionment for the selective with respect to FIG. 1. 

use of the common memory bus or the selection of the FIG. 3 shows the waveforms illustrating the manner 
DMA mode or program mode is carried out in the same 5 in which the common memory bus is selectively used, 
chip as that in which the CPU circuit is formed, making With the aforesaid second control system of the prior 
it unnecessary to provide any external circuit for con- Aft, a request signal for a program mode following a 
trolling the selective use of the common memory bus. DMA mode was issued after the DMA transfer was 
Further, as previously described, the selective use of completed. Accordingly, a length of time required for 
the common memory bus is controlled in unit timing *° the program mode operation was reduced by the re- 
states within the same chip, eliminating the necessity of quest period. 

providing any software for controlling said selective According to the instant invention, however, a re- 
use. With the processor device of this invention, the ( ^ ucsi "P 1 * 1 for * program mode operation is sent forth 
operation of detecting the DMA mode or program ^tore a memory access based on the DMA mode is 
mode and changing over the operation of the common 1 5 brought to an end (before a timing for the termination of 
memory bus in response to said detection is carried out the temporary use of the common memory bus passes), 
with ease and eliminates the necessity of providing any A re< l ue8t for toe succeeding program mode operation 
external circuit, thereby noticeably decreasing time loss " l^cldy treated in the same chip during the rest of the 
which might otherwise occur in the changeover of the CPU » ^ rca]izm K commencement of the program 
operation of the common memory bus. Where the com- 20 J** (CPU) operation, as soon as the DMA transfer is 
men memory bus controller 11 provided in the proces- fim&h f d ' *** m consequence sigmficanUy decreasing 
sor 10 formed in a single chip is of the nonsynchronizing ^ l ™ ™? ltXD * from thc ° f Ac aforesaid re- 
type, then the apportionment of a memory cycle canbe ^ ^ for *e changeover of the operation of the 
controlled at a delayed logic level, enabling the opera- „ common memor * K bus : ™ c efficiency of uUhzing the 
tion of the common memory bus to be changed over 25 £ mmon memory bus in ^e ernbodmient of thisin ven- 
efficiently accounts for about 90% as against 40 to 50% at- 

In the FIG. 2 embodiment of the invention, like nu- b ? K * e , fc 8eC0,ld V**?* ? he P ™ r 

mends indicate elements of the invention previously Pf° vln « that ^ Pressor dev.ee of the invention dis- 
described plays a far more prominent effect than the conventional 

In the processor device, shown in FIG. 2. the CPU 30 ' y & rlher ^ respect to u, e embodiments of FIGS. 1 

a " d ™ A ^ V ^ f0rmed mtC Eu y °* * and 2, thc DMAC, CPU and a circuit for changing over 
' h 'P; 11,6 ° MA< r clrcu " « constituted by a part of the ^ operation of a cottanoa memory bus telveen the 

CPU circuit as shown by the solid and dotted lines in DMA mode and program mode are integrated in the 

FIG. 2. For this reason the processor device has a sun- 33 ^ ^ making Ae concurrent ^ 0 fany of 

pie construction. A program for executing CPU (pro- Aese threc aemea% ^ 

moreover decreasing a total 

gram) mode and a program for executing DMAC mode requ ired number of chips with the resultant simplifica- 

are combined to form a single microprogram, which is ^on of ^ arrangement of the entire processor device, 

stored in the program controller 16. The microprogram As mentioned above, the processor device of this 

consists of various microinstructions such as a read-and- 40 invention, in which the DMAC, CPU, a circuit for 

write instruction, an arithmetic logical instruction and effecting a changeover between both elements and an 

an input/output instruction of well-known nature in the accompanying cycle steal controlling circuit are all 

art. These microinstructions are of CPU mode. The integrated in a single chip, improves the efficiency of 

read-and-wnte microinstruction may be of DMAC utilizing a common memory bus, and reduces the load 

mode. Each microinstruction consists of, for example, a 45 on tAe hardware, 

bus-request field, an operation code field and an oper- What we claim is: 

and field. The operand field of each microinstruction it A proC essor device comprising a direct memory 
contains an address or data. access controller utilizing a common memory bus for 
The microinstructions are read out from the micro- executing an operation of a direct memory access mode 
program controller 16 one after another. If the data in 50 for gaining access to a main memory, a central process- 
the bus-request field of a microinstruction is of CPU mg unit utilizing said common memory bus for execut- 
mode, the bus controller 11 supplies an acknowledge- big an operation of a microprogram-executing mode for 
roent signal ACK1 to the register group 13 of the CPU gaining access to microprogram data stored in the main 
circuit, and the operation code in the operation code memory, and a microprogram controller connected to 
field and the address or data in the operand field are 55 said direct memory access controller and said central 
transferred to the register group 15 and ALU 14 of the processing unit for storing microprogram data to con- 
CPU circuit, respectively. If the data in the bus-request trol the operation of the direct memory access control- 
field of a mocroinstruction is of DMAC mode, the bus ler and the central processing unit so that the micropro- 
controller 11 supplies an acknowledgement signal gram controller will instruct the direct memory access 
ACK2 to the counter 13 of the DMAC circuit, and the 60 controller and the central processing unit with respect 
operation code in the operation code field and the oper- to the execution of the operation of the direct memory 
ation code field and the address or data in the operand access mode and microprogram-executing mode, the 
field are transferred to the counter 13 and address regis- direct memory access controller, central processing 
ter 12 of the DMAC circuit, respectively. In short the unit and microprogram controller being integrated in a 
circuit elements 12 to 15 operate when thc microin- 65 single semiconductor chip. 

struction from the microprogram controller 16 is of 2. The processor device according to claim 1, 

CPU mode, while the circuit elements 12 and 13 operate wherein the direct memory access controller is pro- 

when the microinstruction is of DMAC mode. vided with means for effecting a changeover between 



06/27/2004, EAST Version: 1.4.1 



4,181,938 

7 * 

the direct memory access mode and microprogram- 7. A processor device comprising • 

executing mode relative to the exclusive use of the access controller utilizing a common memory bus for 

commoumcmory bus. executing an operation of a direct memory access mode 

3 The processor device according to claim 2, for gaining access to a main memory and including a bus 
wherein said changeover means comprises a bus con- 5 controller for effecting a chjuigcovcr^ew a dir^t 

memory access mode and microprogram-executmg 

4 The processor device according to claim 1, mode relative to the exclusive use of the common mern- 
wherein the direct memory access controller includes a ory bus, a counter connected to an output terminal of 
cycle steal controlling means relative to the main mem- the bus controller to effect an address step and an ad- 
^™ * 10 dress register connected to the counter to store address 

5 The processor device according to claim 4, data, a central processing unit utilizing said common 
wherein said cycle steal controlling means includes a memory bus for executing an operation of a micropro- 
microprogram portion for storing microprogram data gram-executing mode for gaining access ^ jntcropro- 
and a bus^ontroller for controlling the exclusive use of gram data stored in the mam memory and including a 
the common memory bus connected to the main mem- IS register group connected to an output terminal of the 
ory, wherein, when the bus controller receives a bus bus controller to store «ddr« data >fo« a^^n^d 
request signal from the microprogram portin, s com- an arithmetic logic unit connected to saKi register group 
mon rnemorybus available permit signal is given to the for executing an arithmetic logic operation based on 
direct memory access controller whereby the direct predetermined data, and a nuc^rognun controller 
memory access controller executes access to the main » connected to the direct memory access controller and 
memory utilizing an idle time of the common memory central processing unit for storing imcroprogram data 
bus unoccurried by the central processing unit. to control the direct memory access controller and 

6 The processor device according to claim 1, control processing unit so that the microprogram con- 
wherein said microprogram controller includes means troller will instruct the direct memory access controller 
for storing sequence microprogram data for controlling 23 and the central processing unit with respect to the exe- 
the direct memory access controller and central pro- cution of the operation of the direct memory access 
cessmn unit, means for supplying bus request signals mode and microprogram-executing mode, 
^ponding to the directory access mode and «. T*e proctor «^ 

rmcr^gnut^uting mode according to the micro- wherein said l Icces ^°^^ r ^ 

program to the bus controller for controlling the com- 30 tral processing unit, and said microprogram controller 

mon bus, and means for generating the request signal are integrated in a single chip.^ ^ 
before a need for the direct memory access mode arises. 
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